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Background
Spasticity affects approximately 12 million patients worldwide, with around one third of stroke suffers and 60% of multiple sclerosis patients requiring treatment for the condition. 1, 2 Upper limb spasticity is the intermittent or sustained involuntary contraction of the muscles of the arm following a motor neuron lesion, resulting in abnormal posture of the arm, wrist, and hand. As well as causing substantial pain, these positions can make washing of the axilla, elbow crease, and hand difficult, leading to hygiene problems, which in turn can lead to skin breakdown, infections, and pressure sores. 3 Furthermore, the sufferer's ability to carry out seemingly simple tasks, such as getting dressed or eating, is reduced to a level that often requires full time care. Thus, the disease impacts not only the patient, but also their immediate family. The most common cause of upper limb spasticity is stroke, accounting for 72% of cases. 4 The economic consequences of spasticity following stroke are considerable, with a Dovepress submit your manuscript | www.dovepress.com 2003 study in Sweden finding that annual direct costs of care increased almost four-fold from approximately $22,000 to $84,000 in patients with spasticity sequelae. 5 Optimizing treatment for patients with upper limb spasticity is likely to have an important impact on health care spending.
Dovepress
97
S H O RT R E P O RT
Botulinum toxin A therapy is the recommended pharmacological intervention, alongside physiotherapy and postural management programs, in the treatment of upper limb spasticity.
1,2 When injected into selected muscles of the arm, the neurotoxin prevents release of acetylcholine at the neuromuscular junction, leading to a fall in the force of contraction. This allows the muscles to relax and normal posture to be resumed. Botulinum toxin A treatment has been associated with a significant increase in quality of life. 6 Two preparations of botulinum toxin A are currently licensed for the treatment of upper limb spasticity, ie, Dysport (abobotulinumtoxinA; Ipsen Biopharm, Wrexham, UK) and Botox (onabotulinumtoxinA; Allergan, Inc, Irvine, CA). However, clinicians choosing which preparation to prescribe do not face an easy task. Manufacturing of the two preparations involves different processes, and different assays are used to measure the potency. 7 This results in Dysport and Botox being described in terms of different, noninterchangeable units (U) of activity and, consequently, having different dosing regimens. The preparations are also supplied in differentsized vials. Dysport is provided in 500 Dysport unit (known as Speywood units in many countries) vials (500 U) while Botox is sold in 100 Allergan unit vials (100 U).
Therefore, the objective of this study was to compare the costs per patient per injection associated with treatment of upper limb spasticity using Dysport and Botox, in 19 countries where both products are approved and have similar reimbursement status, based on an analysis of recommended dosing, taking into account the different product units, dosing, and the vial acquisition costs of the two preparations.
Materials and methods
An injection was considered to be a single administration of the recommended dose of either preparation of botulinum toxin A. The cost per patient per injection was calculated for each of the two interventions by using the recommended dosing to determine the number of vials required, and then multiplying by the cost of a vial in each country. The costs of disposables, such as syringes, and medical professionals, were not taken into account because they were assumed to be the same for both preparations.
Recommended total doses of Dysport and Botox for treatment of upper limb spasticity were gathered from country-specific recommendations within the summary of product characteristics or prescribing information. The recommendations showed little variation between countries, with the recommended dose of Dysport being 1000 U in all countries except Australia, where 750 U was indicated. 9 Country-specific recommendations for Botox were not available for all countries. However, where recommendations were made, they were 300 U, based on an analysis of recommended dosages for the most commonly injected muscles, ie, biceps brachii, flexor digitorum superficialis, flexor carpi radialis, flexor digitorum profundus, and flexor carpi ulnaris. 9 Cost data were gathered from the official list prices for each preparation in all countries investigated, as detailed in Table 1 . All costs were converted to Euros, using average exchange rates for the month of May 2011. 8 The acquisition costs of both preparations showed heterogeneity across the 19 countries. 9 In all cases, Dysport was more costly on a per vial basis, but fewer vials were required per patient per injection, based on recommended dosing.
Results
Treatment of upper limb spasticity was less costly, per patient per injection, for Dysport rather than Botox in 18 of the 19 countries investigated (Figure 1 ). The largest absolute The doses used in this analysis were based on the dosing recommended in the summary of product characteristics. However, there is evidence that doses of Dysport used in clinical practice may be significantly lower than the published recommendations. An international noninterventional study found that the median dose of Dysport prescribed in upper limb spasticity was as low as 500 U in some countries. 4 A sensitivity analysis was performed to investigate the impact of prescription of lower doses of Dysport, assuming a 750 U dose of Dysport (half-way between the lowest dose and the recommended dose), with the dose of Botox remaining at the recommended 300 U.
When dosing regimens of 750 U of Dysport and 300 U Botox were assumed, Dysport therapy was cost-saving per patient per injection in all countries (see Figure 2) . The largest absolute difference was again seen in Brazil, but the difference in cost per patient per injection increased to €1100. In Estonia, the only country in which Botox therapy was less costly per patient per injection when recommended doses were assumed, Dysport was cost-saving, with an absolute difference of €60 per patient per injection. In Poland, Korea, Brazil, and Hungary, the cost per patient per injection with Dysport was approximately half the cost of Botox therapy. On average, across all countries, the cost per patient per injection for patients with upper limb spasticity was 38% lower for Dysport than Botox when doses of 750 U and 300 U, respectively, were assumed.
Discussion
In nearly all (18 of 19) countries analyzed in this study, Dysport therapy for upper limb spasticity was less costly than Botox treatment, on a cost per patient per injection basis. At a national level, these cost differences could result in substantial savings in health care spending. Stroke, the most common cause of upper limb spasticity, typically occurs at approximately 70 years of age, 10 and patients with subsequent spasticity will require chronic treatment at 12-16-week intervals. 1 Assuming an average patient receives 3.7 treatments per year, average annual savings of €15 to €2591 per patient could be made through prescription of Dysport rather than Botox. In settings such as Brazil, Korea, and Poland, where Dysport was approximately one third less costly than Botox per patient per injection, cost savings ranged from €596 to €2591 per In all other countries, more patients could be treated with botulinum toxin A given a particular health care budget by using Dysport versus Botox. This study was carried out using an analysis of recommended dosing from the summary of product characteristics and product information to calculate the cost of treating upper limb spasticity. However, in real-world clinical practice, the recommended dose may not always be prescribed, because the appropriate dose depends on severity of spasticity and muscle size. A survey of clinicians in France, Germany, Greece, Sweden, and the UK by STETHOS International Marketing Research found that the mean dose of Dysport prescribed, as reported by physicians, was lower than the recommended dose in all countries. The doses ranged from 508 U in France to 773 U in Germany. Furthermore, an analysis of interim data from a recent noninterventional study of 974 patients with upper limb spasticity in 31 countries found that the doses of Dysport used in clinical practice are consistently lower than the recommendations in the summary of product characteristics. 4 The median prescribed dose across all countries was 700 U, but in Asian countries the median dose was 500 U. This deviation from the recommended Dysport dose of 1000 U may lead to substantial cost-savings in real-life clinical practice, as shown by the sensitivity analysis in this investigation, where a conservative clinical practice dose of 750 U of Dysport was assumed. A potential limitation of this sensitivity analysis is that it assumed that there was no wastage. This may be possible in clinics that care for a large number of stroke patients with upper limb spasticity sequelae (ie, three 500 U vials are used to administer 750 U each to two patients, ie, no wastage, versus the use of two 500 U vials per patient, resulting in 250 U of product wasted per patient). Also, in some countries 300 U vials of Dysport are now available, which could reduce wastage through a more adapted dose. There is also evidence that Botox dosing in a clinical setting may be lower than the recommended dosing. 11 Further analysis of costs per patient per injection based on data from real-world clinical practice is needed to investigate further the likely potential savings possible for health care payers based on botulinum toxin A usage in clinical settings.
It should also be noted that the actual drug acquisition costs may be less than the official list price. As such, and combined with deviations in real-world dosing practice versus 
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Medical Devices: Evidence and Research is an international, peerreviewed, open access journal that focuses on the evidence, technology, research, and expert opinion supporting the use and application of medical devices in the diagnosis, treatment and management of clinical conditions and physiological processes. The identification of novel devices and optimal use of existing devices which will lead to improved clinical outcomes and more effective patient management and safety is a key feature. The manuscript management system is completely online and includes a quick and fair peer-review system. Visit http://www. dovepress.com/testimonials.php to read real quotes from authors. recommended dosages as found in the summaries of product characteristics, the real costs per patient per injection may be different than those calculated in the present study. However, in the absence of gross differences in price discounts for the two drugs, the relative differences in real-world costs per patient per injection for Dysport versus Botox should still reflect those found in the present study for a given patient etiology, severity, and presentation. The present investigation found that, in the majority of countries, treatment of upper limb spasticity using Dysport is less costly than Botox, based on recommended dosing regimens. There is also evidence that doses of Dysport used in real-world clinical practice may be lower than the recommended prescriptions, resulting in a lower overall treatment cost for Dysport. Due to the chronic nature of treatment and the significant prevalence of upper limb spasticity following stroke worldwide, the impact of any cost savings at a national level may be substantial.
